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(54) Day/night mirror 
(57) Aday/nlghtrearvlew mirror 



comprises an optical medium which is 
electrically driven between transmfsslve 
and opaque states. The mirror 
comprises a housing containing a circuit 
board overlaid by a mirrored surface. 
The mirrored surface is in turn overlaid 
by an optical transmission plate 
containing the optical medium. 
Electrical conducth/rty from the circuit 
board to the transmission plate is 
provided by helical coiled spring 
conductors which are supported in 
sleeves integrally formed with a 
retaining frame for the mirrored 
reflecting surfece of the mirror. The 
circuit board contains a circuit for 
control ling the optical transmission 
plate and controls which are accessible 
to the user to adjust operatf onal 
characteristics of the mirror assembly, 
and a pair of sensors which sense 
ambient lighting and Incident llghtfrom 
the field of view, respectively. The 




sensors are coupled in via electronic 
input circuits(104, 106)toa logicgate 
( 1 08), which controls the optical 
transmission plate. The transmission 
plate is forced to an opaque condition 
only when both a nighttime ambient 
condition is sensed and there are also 
bright lights from the field of view. The 
circuits Impose certain timing 
requirements on changes in sensed 
conditions so that the mirror does not 
change state in response to momentary 
departures from generally prevailing 
conditions. 
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SPECIRCATION 
Day/night mirror 

5 5 
Background and summary of the inven^on 

The present Invention relates to a day/night rear-view mirror. Morespeciftcally it relates to a day/night 
mirror in which an optical medium Is electrically driven between transmlsslve and opaque states to impart 
the day/night characteristic to the mirror. 
10 Day/night rearvlewmirrorsareoften used in automotive vehicles, particutariyforthebenefit of the driver 10 
so that at night he or she is not blinded by bright headlights from a trailing vehicle. 

Known types of day/night rearview mirrors comprise mechanical operators for selectively positioning the 
mirrored surface depending upon prevailing conditions, Mostof these are manually set by the driver to 
either one position for daytime use or another position for night use. For example, one way is by flipping a 
1 5 lever. It is also known to perform the repositioning automatically, for example by an electromechanical 1 5 

device. 

Another class of day/nfght rearvlew mirrors comprises an optical transmission plate disposed in front of 
the mirrored reflecting surface. The optical transmission plate comprises a medium whose optical properties 
are controlled by the application of voltage to the medium. One particular type of transmission plate com- 

20 prisesafluld medium disposed as a thin film between glass plates. When the medium is in its transmlsslve or 20 
non-opaque state, it does not attenuate light passing through It to a ny appreciable extent This Is th e state 
which should be present for daytime operation so that maximum brightness of the reflected daylight scene is 
presented to the observer. 
When the medium is operated to a less transmlsslve, or opaque state. It significantly attenuates light 

25 passing through It Therefore, the brightness of the scene which Is reflected to the observer is considerably 25 
less than for daytime operation; however, this nighttime mode of operation Is to protect the observerfrom 
being blinded by headlights from a trailing vehicle. 

Different types of media can be used, dichroicsand nematlcs being examples of known fluid media. An 
individual medium has its own particular properties correlating the degree of opaqueness with themagni- 

30 tude of appi led voltage. For some media, this is a direct characteristic whil e for others it is a n inverse char- 30 
acteristic. In other words in a direct characteristic, the medium has full light transmission at zero input vol- 
tage, and the opaqueness increases with increasing voltage up to a maximum opaqueness at and above a 
particular voltage. An Inverse characteristic is just the opposite. 
Mirrors embodying an optical transmission plate containing a medium which is electrically controlled to 

35 control brightness are desirable because mechanical actuators and mechanisms are not employed. Mechani- 35 
cal and electromechanical types of actuators and mechanisms have been deemed unacceptable to the orig- 
inal equipment automotive Industry for various reasons, and one significant reason Is that they have been 
unable to meet the rigorous demands which automobile manufacturers requiref or quality functional prod- 
ucts. 

40 The general idea of using an electrically controlled optical transmission plate In association with a rearvlew 40 
mirror Is known. 

Thefollowing patents are known. U.S. 3,280,701 ; 3,337,286; 4,299/144; 4,201 ,451 ; 3,862,798; 4,200,361 ; 
U.K. 2,029,343; and Fed. Rep. of Germany 2,808,260. 

It Is recognized in certain of these patents that a photocell sensing light from the rear can be used to 
45 automatically control the operation of the day/night mirror. Certain patents also show ambientsensors 45 
which attempt to distinguish between day and night conditions. 

The present Invention, in one respect, relates to a new and Improved day/night mirror of the type In which 
the day/night operation Is controlled by control of the voltage applied to a medium whose optical properties 
are related to voltage. 

50 In orderto achieve acceptable modes of operation In a day/nlghtmlrror, it is importantto adequately 50 
distinguish true day from true night conditions so that when daytime prevails the mirror remains in thefull 
brightness condition, yet at nighttime It will be opaque when headlights from a trailing vehicle are incident 
upon it 

The present Invention includes a new and unique control which comprises one photo detector for sen sing 
55 light Incident upon the mirrorfrom the rear, i.e. headlights from the rear, and a second photodetectorwhich 55 
takes Into account ambient conditions, the circuit being organized and arranged In a new and unlquemanner 
to achieve a new and unique form of control for this type of rearvlew mirror. 

Afurther aspect of the present invention relates to a new and unique organization of various component 
parts in their assembled relationship in the mirror assembly. This is of particular advantage for several 
60 reasons, one of which Is that a mirror can be fabricated with convenient, cost-effective fabrication procedures 60 
while also resulting in a final construction which Isfunctional, yet sturdy and durable and In which certain 
operational characteristics can be easily set by the observer. 

One specific aspect of the Invention involves the organization and arrangement of certain parts for making 
electrical connection between the transmission plate and a circuit board containing the control drcuit 
65 Afurther specific aspect of the i nvention comprises the arrangement of user-operable controls of the 65 
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mirror for convenient accessfbflity by the observer. 

While the invention is illustrated as connected to an &aema\ power supply, it can also be adapted to a 
self-contained battery operation and wherein a dead battery can be readily replaced. 
The foregoing features, advantages and benefits of the invention, along with additional ones, will be seen 
5 in the ensuing description and claims which should be considered in conjunction with the accompanying 5 
drawings. The drawings disclose a preferred embodiment of the Invention according to the best mode con- 
templated at the present time in carrying out the invention. 

Brief description of the drawings 
10 F/fiTf//© 7 Is an exploded perspective view of a mirror assembly embodying principles of the present inven- 10 
tion. 

/7^<//82ls a viewof a portion of the assembled mirror taken generally In the direction of arrows 2-2 In 
Figure 1 but with certain portions broicen away. 

f/j^fz/B 3 is a fragmentary cross sectional view taken substantially In the direction of arrows 3-3 In Flgure2 
15 illustrating detailsof the assembled relationship. 1 5 

f^guradxsBn enlarged view in drcle4of Rgure3, with certain portions being broken away. 

FigureSXsan electrical schematic diagram illustrating a presentiy preferred embodiment of control circuit 
according to the present invention. 

nguFB36m6 7are graph plots useful in explaining principles of operation of the control circuit. 
20 20 
Description of tiio preferred embodiment 

Figure 1 illustrates In an exploded form a mirror assembly 10 according to principles of the present inven- 
tion. The mirror assembly comprises a housing 1 2, a circuit board assembly 1 4, a reflecting mirror 1 6, a 
mirror retainer frame 18, an optical transmission plate 20 and a bezel 22. The components 12 through 20 
25 assemble into housing 1 2 and are retained by means of bezel 22 being assembled onto and In an interiocking 25 
relationship with housing 12. Details of howthls is accomplished will be subsequently explained and seen 
with reference to the varlo us drawing figures. 

Theelectronlcs of the circuit shown In Flgure5are contained on circuit board assembly 14. Thedrcult 
board comprisesthe various circuit components disposed against Its nearface.The circuit connections of the 
30 various components are on the reverse, or far, face where they cannot be seen In Rgure 1 . Circuit board 30 
assembly 1 4 has a general ly rectangu lar shape fitting Into the interior of housing 1 2. 

Housing 12comprisesan end wall 24bounded peripherally by a side wall 26. Circuit board assembly 14is 
accurately located within housing 12 on end wall 24. For this purpose end wall 24 comprises a plurality of 
integral posts 28 which project away from it. Rgures 2 and 3 illustrate such posts 28. Certain posts 28 Include 
35 iocatortip830ontheirdistai endswhich project through corresponding holes in the circuit board. The circuit 35 
board is thereby accurately located in assembly. The circuit board may be held against the posts by the 
overlying parts 1 6, 1 8, 20, and 22 when the latter are assembled onto the housing, or attach ment means can 
be provided. l=or example, as shown, the free ends of the tips can be defbrmed into heads 32 to secure the 
circuit board In place. 

40 The housing is preferably constructed from a suitable plastic material with tips30 being shaped to provide 40 
for corresponding holes in the printed circuit board to pass onto them so that the board bears againstthe 
ends of the posts. The free ends of any tips which project beyond the near face of the circuit board can be 
deformed by any suitable means to form the heads 32 which retain the circuit board on the housing In a 
secure manner. Of course other attachment means may be used if desired. 

45 Asetof suitable apertures34 is provided centrally In end wall 24 to provldefortheattachmentof a mount 45 
(not shown) for mounting the mirror assembly for example to the windshield in the case of interior usage. A 
further aperture 36 is also provided to receive a connector plug 38 on the far face of circuit board 1 4 so that a 
mating plug on awiring assembly (notshown) which conducts electrical powertothe mirror assembly can 
be connected. The housing also comprises an Integral structural framework 39 for rigidity. 

50 The bottom portion of the housing's peripheral wat 1 26 comprises an elongated slot 40 to one side, and two 50 
circular hole842 and 44 on the other. Two electrical control devices 46 and 48 are provided on the near face of 
circuit board assembly 14 adjacent the bottom edge thereof. These devices have respective operators 50 and 
52 which, when the circuit board is assembled to the housing, pass th roug h slot 40 and hole 42 respectively. 
A photodetector 54{s also provided on the circuit board assembly and is disposed with its senslngzone 

55 directly above hole 44. The relative dimensions of circuit board assembly 14 in relation to housing 1 2 are such 55 
that the circuit board can be passed through the opening bounded by wall 26 and positioned to dispose 
operators 50 and 52 passing downwardly through slot40and hoie42 respectively. 

From this much of the description it can therefore be appreciated that the circuit board assembly is sec- 
urely assembled andaccurateiy located with respectto housing 12. 

60 The circuit board Is further provided with a pair of terminals 56 and 58 respectively adjacent the midpoints 60 
of the side edges thereof. Terminals 56 and 58 provide the control voltagefor transmission plate 20 In a 
mannertobedescribed In more detail hereinafter. Terminals 56, 58 may take any suitable form, for example 
U-shaped clips fitted onto the side edges of the circuit board, to establish connection with particular circuits 
on the far face of the circuit board. Contact to the transmission plate can be made via the near face as seen in 

65 Figure 1, 65 
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Mirror 16 is shaped to fit over and essentially conceal circuit board assembly 14. The mirror's periphery is 
also shaped to fit snugly within a g roove 59 which extends around the perimeter of retainer frame 1 Sand 
which faces end wall 24of housing 12. RetainerframelSalsocomprisesapairof small integral sleeves 60 
substantially as the midpoint of each of its two shorter sides. These sleeves 60 extend toward circuit board 
5 assembly 14 and form respective holders for respective spring connectors 62 which serve to maice electrical 5 
connection between terminals 56, 58 respectively and terminals 64, 66 respectively on transmission plate 20. 

Transmission plate 20 fits over and againstthe nearfece of retainer frame 18. Bezel 22, when assembled to 
housing 1 2, servesto hold the transmission plate 20, retainerframe 18,and mirror 16in assembly relation- 
ship on housing 1 2. In the assembled mirror, connectors 62, which are In the form of helical coiled springs, 

10 are disposed within sleeves 60 with one end of each connector bearing againstthe corresponding terminal 1 0 
56, 58 of circuit board assembly 14 and the opposite end againstthe corresponding terminal 64, 66 of trans- 
mission plate 20. Figures 3 and 4 show details. 

It can be seen in Figure 2 that a further posts 69 extend from the end wal I of the housing, and It Is against 
these fu rther posts that mirror 1 6 abuts In the assembled mirror. Thus, in effect bezel 22 serves to sandwich 

15 transmission plate 22, retainer 18, and mirror 16 in a secure manner againstthe housing end wall. 15 
The length of each sleeve 60 is made less than the length of its connector 62, and each connector 62 is made 
of such a length that in the assembled mirror, they are compressed axial ly between the terminals on the 
transmission plate and those on the circuit board assembly such that a satisfactory electrical connection is 
established between the circuit board and the transmission plate. Sleeves 60 serve to hold andcorrectiy 

20 locatethespring contacts 62. The construction issdvantageousnotonlyfunctionally but also from a menu- 20 
facturf ng standpoint All that need be done is to place the springs In the sleeves during assembly, and to 
assemblethecomponentstogether In the manner of sandwiching as described above. 

It can be seen in Figure 2 that bezel 22 comprises a lip 70 around its inner periphery which bears againstthe 
periphery of transmission plate 20. The outer periphery of the bezel comprises a lip 72 which locks with a 

25 catch 74 extending around the outside of the free edge of housing side wail 26 when the bezel Is assembled to 25 
the housing. With this arrangement no separate attaching parts are required and the bezel serves to retain the 
components within housing 26 In a secure and what Is Intended to be a permanent manner. Bezel 22 and 
retainerframe 1 8, like housing 1 2, can be molded plastic parts. 
Transnriisslon plate 20 is illustrated as comprising a palrof glass plates 76,78 respectively with an optical 

30 medium 80 captured between them as a very thin film. Conductors deposited as extremely thin films on the 30 
confronting surface portions of the two glass plates are selectively energized from circuit board 14 via the 
two connectors 62 to control the optical character of optical medium 80 and thereby endow the mirror 
assemblywith day/night capability. As can be seen in Figures 1 and 3, terminal 64fits onto the edge of the 
near glass plate 78, and is in electrical contactwith the conductive film on that plate. Terminal 64 is shown as 

35 a U-shaped clip. The side edges of the two plates arenotcongruentsothatln the case of the left-hand sideas 35 
viewed in Figure 1, plate 76 is clear of terminal 64, and In the case of the right-hand side, plate 78allows 
terminal 66, a U-shaped clip also, to fit onto the edge of plate 76 to make contact with the conductive film on 
that plate. Thus, the two spring connectors make contact between terminals 56 and 64 on the left and be- 
tween terminals 58 and 66 on the right 

40 The far upper corner of transmission plate 20 is left clear of medium 80 so that the two glass plates are fully 40 
transparent in this region 82. In the assembled mirror, region 82 registers with a non-sllvered, transparent 
region 68 of mirror 16 and a second photodetector 84on printed circuit board assembly 14. This second 
photodetector is so arranged that Its sensing element senses light incident upon the mirror from the rear, i.e.. 
It senses light passing through regions 82 and 68. 

45 Thesldesof the sleeves 60 comprise longitudinal slots extending partially along their lengths. Both sleeves 45 
and slots may have a slighttaper (i.e. draft) which is imparted in the manufacture of part 18 which is prefer- 
ably an injection molded plastic. 

Thefabrication of transmission plate 20 may be accomplished with known fabrication procedures. The 
films of conductors on the two plates are ultra-thin films, such as gold, which can be deposited to provide 

50 suitableconductivityfbrpurposesof controlling theoptical medium but without any significant attenuation 50 
of light transmission. 

With this much of a description having been given. It is now appropriate to consider details of the electronic 
control circuit contained on printed circuit board assembly 1 4. 
Figure 5 schematically portrays a presentiy preferred embodiment of control circuit for the transmission 
55 plate. Like components in the several drawing figures are identified by like reference nu morals and therefore 55 
the electrical schematic diagram i llustrates the devices 46 and 48 and their respective operators 50 and 52, 
along with the two photodetectors 54 and 84. 

The control circuit is designated by thegeneral reference numeral 100 and powerfor the circuit is delivered 
via connector plug 38 which connects to a mating plug (notshown) of the vehicle's wiring harness tosupply 
60 vehicle battery power (i.e. +12 volts relative to ground) to circuit board assembly 14. 60 
Because various electroniccircult components requires well-regulated DC supply, asimple regulator 
drcuit 102 receives the battery voltage and develops a regulated supply voltage +E volts relative.to ground. 
This Is supplied to the various circuits as indicated In theschematic 
Photodetector 54 is disposed within the mirror assembly with its sensing zone facing downwardly to sense 
65 light passing through hole44. As such It sensesthegeneral prevailing ambient light level and hencefbr 65 
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convenience will hereinafter sonnetlnnes be referred to as the annblent light sensor. It is to be observed that 
thfssensor does not face toward the field of view and therefore is not directly subject to incident light from 
the rear. It is however sensitive to the prevailing ambient light level which in daytime will be ageneral 
daytime brightness and at night a general darimess but with the expectation that at nightthe sensor can be 
5 subjectto reflected or directartifidal light sources. These sources could be the vehicle's own interior lights, 5 
orthey could be external lights such as street lights, parking lot lights, lights of other vehicles. 

Sensor 54 is intended to face directly toward the vehicle's dashboard, which wit! typt cally be a low re- 
flectivity, or light scattering, surface, i-lowever depending upon the exact positioning of the sensor and the 
size of hole 44 and the natu re of the specific vehicle construction, the sensor may have a certain sensitivity to 
10 other than the light from the dash board. 10 

Photodetector 84was previously described as facing toward the rear field of view so that Its sensing zone is 
responsive to incident light from the rear. For convenience photodetector84 will sometimes hereinafterbe 
referred to as mirror sensor 84. 

Ambient sensor 54 is connected in one input circuit 104 while mirror sensor 84 is connected in another 
15 input circuit 1 06. Thetwoinputcircufts 104, 106 have respective outputs which are supplied as inputs to 15 
respective inputterminaisof a logic gate 108. Briefly the output of logic gate lOScontrols transmission plate 
20, and the illustrated logic gate 1 08 is an OR logic gate constructed from diodes. The general operational 
logic is such that the mirror is forced to its bright state when either daytime Is sensed by ambient sensor 54, 
orwhen there are no bright lights from the rear sensed by mirror sensor 84. Stated differentiy, the mirror is 
20 forced to its dark state only if nighttime and bright lights from the rear are both sensed. 20 

For convenience of description circuit 1 04 may be considered to comprise a first stage 110 coupled via a 
timing circuit 1 1 2 to a second stage 114. The output of the second stage 1 14f6rms an input to a correspond- 
ing input of logic gate 1 08. 

Ambient sensor 54 is operatively coupled In the input circuit of stage 110. Stage 1 10 comprises anoper- 
25 ational amplifier 1 16 which comprises an inverting input terminal 1 16a, a non-inverting input terminal 116b, 25 
and an output terminal 1 1 6c. 

Ambientsensor 54 connectsln series witha resistorl 18and this series combination Is connected across 
the + E supply. The Junction of ambient sensor 54 and resistor 1 1 8 is connected to the inverting inputtermlnal 
11 6a of amplifier 11 6. 

30 A pair of resistors 120 and 122 connect in series across the +E power supply and theirjunctlon is connected 30 
to the non-inverting inputtermlnal 1 16b of amplifier 116. A resistor 124 is connected between output terminal 
1 1 6c and the 1 nput terminal 1 1 6b. 

The signal which Is provided to the non-inverting input 1 16b defines a threshold. The signal supplied to the 
inverting Input 1 1 6a is measured against the threshold. 

35 The ambient light level sensed by sensor 54 causes a corresponding signal to be supplied to input 1 1 6a. As 35 
the ambient light level varies so does the signal to input 1 16a. The arrangement is such in the disclosed 
preferred embodiment that operational ampi Ifier 116 operates in what may be general ly designated as a 
switching mode. This In effect means thatthe output signal which appears at terminal 1 1 6c may assu me 
either a "high" or a "low" state. 

40 Because of the provision of resistor 1 24, the threshold level at input 1 16b becomes a function of the state of 40 
the output signal at 1 16c as coupled by resistor 124 back to the common junction of the three resistors 1 20, 
122,124. 

In order to aid in explaining the operation of stage 1 10 reference is also made to Figure 6 which shows a 
graph plot 126 illustrative of the operation. Graph plot 1 26 com prises four segments identified by the refer- 
45 ence numerals 128, 130, 132, and 134. 45 
If it is assumed that stage 1 10 is in a state indicative of nighttime, segment 128 applies. So long as the 
anbient light sensor level indicates a light intensity below the threshold designated Tav the stage 1 10 does 
not change state. However, if the threshold Tai is exceeded, then the state of the stage changes to establish 
an output indicative of daytima The transition, which is in the form of a step, may be considered asoccurring 
50 along segment 130 so thatthe new state corresponding to daytime conditions is represented by segment 50 
132. 

When theoutput of the amplifier stagechanges,theeffect isfed back via resistor 124 to change the 
threshold from Tai to TA2f a lower threshold level. For the stage to switch back to a state represented by the 
segment 1 28, the level sensed by sensor 54 must fall belowthat corresponding to the new lowerthreshold 
55 Ta2> The transition backtosegment 128will occur along the segment 134. 55 
From consideration of Rgure 6 it can thus be appreciated thatthe construction embodies a hysteresis 
characteristic In the operation of thestage. Importantiy, the difference between the thresholds represented 
by segments 1 34 and 1 30 corresponds to a difference of 2 to 1 in respective sensed intensities. This 2 to 1 ratio 
corresponds approximately to the minimum difference which can be sensed by the typical human eye. In 
60 otherwords, in orderforthestagetoreverttodaytimefrom nighttime indicationtheambient light level must 60 
change noticeably from that which caused the change to nighttime, and vice versa. Because of this attribute, 
the circuit responds only to changes in light intensity which would have an effect on the typical observer and 
it avoids response to changes which would not be perceptible to the average observer. 
Based upon this description of operation of stage 1 1 0 It can be appreciated thatthe stage provides a step 
65 input to timing circuit 1 1 2 whenever there is a transition between day and night It can be further appreciated 65 
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that the direction of the step will be one way for a transition from night to day while it will be in the opposite 
direction for an opposite transition. 

Circuit 112 comprises a resistor 1 38 and a capacitor 1 40 which forms a time delay circuit characterized by a 
particular time constant In responseto asteplnputto circuit 1 12fromtheoutput of circuit 1 10, the voltageat 
5 the junction of resistor 1 38 and capacitor 1 40 executes an exponential transientf and the direction of this 5 
transient will be oneway fora night-to-day transition and opposltefor the opposite transition. 

The Junction of resistor 138 and capacitor 140 is connected to an input to stage 114. Stage 1 14comprisesan 
operational ampiifier142 having inverting and non-inverting input terminals 142a, 142b respectively and an 
outputtermlnal 142c The output from timing circuit 1 1 2forms an inputto the inverting Input terminal 142a. 

10 Apairof resistors 144, 148 are connected in series across the +E$upply and their Junction isconnected as 10 
an Inputto the non-Inverting input terminal 142b. A further resistor 148connectsoutput 142c to Input 142b. 

Stage 114 may be considered to operate in a switching mode such that the output signa I at output 1 42c will 
be either high or low. The state is determined by the relationship of the signals to the two inputs 142a, 1 42b. 
The signal supplied to Input 142bform8 a threshold, and the level of this threshold depends upon the state 

15 of the output signal at 142c. Hence this stage may be considered to have a hysteresis characteristic simllarto 15 
that illustrated in Figure 6, but the hysteresis characteristicof stage 1 14 is for a very different purpose. 

Stage 11 4 operates to change state a certain pre-calculatedtime after a step input is supplied to timing 
circuit 1 1 2 regardless of the direction of thestep. This may be understood by considering thatwhen thestep 
inputtoclrcuiti 12 is in one direction, the exponential transient will bein a corresponding direction, say a 

20 rising direction. For stage 1 14 to always switch at the same pre-calculated time after a step regardless of the 20 
direction of thestep, the transient is always allowed to executeonetimeconstant (i.e. the product of resistor 
138 and capacitor 140). Arising exponential transientwill attain approximately 63% of its final value inone 
time constant and a falling transient wil i attain approximately 37% of its final value i n one time constant The 
provisionof resistor 148 in association with resistors 144and 146 serves to establish these two respective 

25 levels, 63% In the case of a rising signal and 37% in the case of failing signal. 25 
Timing circuit 112 serves to Impose a delay In the switching of stage 1 1 4 which otherwise would occur 
essentially Instantaneously In response to a step In the output of stage 1 1 0. The purpose of providing the 
delay in circuit 1 04 is to avoid a false response of the circuit to temporary conditions which may not be 
representative of the true longer term general ambient condition. For example, when the circuit has properly 

30 assumed a nighttime Indicating state,temporary bursts of ambient light, such as might occur when passing 30 
beneath spaced a part street lights or by the lighting of a cigarette lighter, and which are of momentary 
duration i>ut which may create intensities on the ambientsensor exceeding the prevailing threshold at input 
116b are prevented from having an ultimate effect on the output of circuit 104. 
In the case of circuit 1 12 it can beseen that this timing requirement Is bi-directional; In other words delay is 

35 imposed not only for a day-to-night transition but also for a night-to-day one. 35 
By imposing delay in the expectation that many such temporary conditions will last less than one time 
constant of thetiming circuit even though they exceed the prevailing threshold, many spurious changes are 
avoided. It is to be recognized that an exponential transient which Is Initiated in response to a change in the 
output of stage 11 0 will decay exponentially back to its Initial value once the output of stage 110 reverts back 

40 to its previous state. However, where a change pastthe prevailing threshold lasts for longerthan onetiming 40 
drcuittimecon8tant,that is deemed representative of truechange, or an apparentiy true change. An example 
of an apparently true change to daytime would be the nighttimepresenceof the automobile in a well-lighted 
parking lot for an amount of time longer than the one time constant, and in that environment it may be 
desirable a daytime indication to be given so thatthe mirror will assume its bright state. 

45 The selection of parameters may be such that stage 1 lOwIII change state atthe appropriate sensed levels 45 
without the needfor any separate calibration; however If desired, a calibration feature could be included. For 
example this might involve an adjustable resistance in association with the Input circuit containing the 
ambientsensor. 

Circuit 1 06 is in many respects ver/ similar to circuit 1 04and therefore certain features will be described in 
50 detail since their organization and arrangement and mode of operation will be recognized from thepreceed- 50 
ing detailed description of circuit 104. 

Circuit 1 06 comprises a first stage 1 50, a timing circuit 1 52 and a second stage 1 54 with the output of stage 
1 60 being operatively coupled with the i nput of stage 1 54 through timing circuit 1 52. 
Stage 1 50 comprises an operational amplifier 1 56 having inverting and non-inverting and Inputterminals 
55 156a, 156b respectively and an outputtermlnal 156c. A threshold signal Is supplied to the non-inverting input 55 
156a. The level of the threshold signal Isestablishied atthe common Junction of two resistors 158 and 160 
connected serially across the power supply as modified by the further resistor 1 62 In accordance with the 
condition of theoutput signal of stage 150. Hence this stage Is very simllarto stage 1 1 0, and Its operation is 
characterized by asimllar graph plot 1 64 In Rgure7. Depending upon the state of stage 1 50 the threshold is 
60 eitheratalevelTM2oratalevelTMi. 60 
ly^irror sensor 84 is operatively coupled In an Input circuit to the Inverting inputterminat 156a. This circuit 
comprises a resistor 1 65 and a selectable portion of a potentiometer 1 66 as selected by a wiper 1 68. The 
potentiometer 166 i8thed6vice46 while the wiper 1681s under the control of operator48. 
Rgure7 Illustrates the operational characteristic of stage ISOfbr a given setting of potentiometer wiper 
65 168.Thecharacteristlcissimilarto thatof theambientsensor'sclrcuitin thatthetwothreshold levelsTMi and 65 
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Tm2 differ by the intensity difference of approximately a 2 to 1 ratio. The adjustment provided by the wiper 1 68 
of potentiometer 166 Is effective to shift the characteristic curve of Rgure? horizontally. In otherwords 
although the actual threshold voltages at which the stage switches do not change, either a greater or lower 
intensity of light is required fbrthe inputto the non-inverting input terminal to pass through the prevailing 
5 threshold. 5 
Thus from the description and consideration of Figure? it can be appreciated that when the mirror sensor 
is sensing the presence of bright lights from the rear, stage 1 50 provides a brightness indication and when 
the mirror sensor fails to detect bright lights stage 1 50 provides a dim indication. 
Timing circuit 1 52 is similar to timing circuit 1 1 2 in that it comprises a time delay circuit comprisi ng a 

1 0 resistor 170 and a capacitor 172, but it also includes a diode 174 poled as shown. The purpose of diode 1 74 Is 10 
to renderthe operation of the drcuit uni-directional; in otherwords a timing requirement is imposed only on 
a rising transientwhen the step inputto the timing circuit is from low to high, but not on a falling step. In the 
il lustrated circuit a rising transient occu rs in response to the disappearance of bright lights from the rear, and 
therefore an already darkened mirror will not immediately brighten. This is desirable because the disappear- 

15 ance of bright incident light from the rear may be only a momentary phenomenon, for example when the 15 
automobile has just passed overs hill or around a curve and a trailing vehicle with its headlights on has not 
yet negotiated either. 

However when the mirror sensor is indicating a dim field of view, and then suddenly senses a bright one, 
the change in the output of stage 1 50 is immediate. The purpose is to provide as instantaneous a response as 

20 possible to the sudden appearance of bright lights from the rear. 20 
The optical transmission plate may inherently possess a certain delay In switching from one state to the 
other. While this may be desirable in the case where the transition is from a bright to a dim field of view, it 
may not be deemed long enough and therefore the uni-directional character of the timing circuit can aug- 
ment an inherent delay in response to the optical transmission plateforthattype of transition. Inthecaseof 

25 theoppositetransition,thecircuitin8uresthatessentialiytheonly delay in darkening the mirror will bethat 25 
which is inherent in the characteristics of the optical medium itself. 

Stage 1 54 has a configuration exactly identical to that of stage 1 1 4. It comprises an operational amplifier 
1 76 and three resistors 1 78, 1 80, 182 connected as illustrated. These resistors establish the threshold for a 
rising exponential transient and although the threshold is diminished for a falling transient, the diminished 

30 threshold is of no significant consequence because diode 174essentiaily shorts out resistor 172 so that the 30 
fall is essentially instantaneous. 

Diode logic gate 1 08 comprises plural diodes having cathodes connected in common. The anode of one 
diode connects to the output of circuit 1 04 and the anode of another diode 186 connects to the output of 
circuit 106. When the output of either circuit 104 or 106 is high, the OR logic gate 108 provides a correspond- 

35 ing high output signal at the common cathodes. This output signal is usedto control the optical transmission 35 
plate when device 48, which Is a selector switch, is in what iscalled theautomatic positlon.This positionis 
indicated in Rgure 5 where the operator 52 has setthe switch to establish continuity from the output of the 
OR logic gate 1 08 to an oscillator circuit 1 90 which can develop an oscillatf ng voltage for delivery to transmis- 
sion plate 20. 

40 When the output of OR gate 108 is high and switch48 is in the automatic position, oscillator 190 isen- 40 
erglzed to cause full voltage to be applied across the transmission plate. With the medium being a material 
which has an inverse characteristic, the application of full voltage causes the medium to be transparent so 
thatthe mirror is bright. When the voltage is re moved, the medium goes opaque so that the mirror darkens. 
Only under the condition where outputs from both circuits 104 and 1 06 are low will the oscillator circuit not 

45 be energized, and under this condition the optical transmission plate will be opaque. This corresponds to 46 
circuit 1 04 indicating the presence of bright headlights from the rear. 

Under other conditions the mirror is allowed to assume full brightness. These other conditions are: 1 ) 
when circuit 104 indicates daytime regardless of what circuit 106 indicates; and 2) when circuit 104 indicates 
nighttime and circuit 1 06 senses the absence of bright 1 ig hts from the rear. Under these conditions it is 

50 acceptable and indeed even desirable for the mirror to be at full brightness. 50 
It is possible to override the automatic control and provide either a continuously darkened or a con- 
tinuously bright mirror by operation of switch 48 to appropriate positions. These are designated in the draw- 
ing figure as "niglit" and ''day'. In the night position the oscillator is not energized while in the day position it 
is. 

55 The illustrated drcuit 100 also includes a third Input circuit 200 and a third diode 202 in the OR logic gate. 55 
The third input drcuit connects to the vehicle's badc-up lamp circuit. The backup drcuit is energized when the 
vehicle's transmission is placed in reverse, and thus causes a high signal to be applied to the anode of the 
third diode 202 of gate 1 08. With switch 48 in automatic this causes osdilator 1 90 to be energized regardless 
of the conditions of the other two input circuits 104, 106 to the diode loglcgate. in other words when the 

60 vehide is placed in reverse gear, the mirror is caused to assume full brightness even if the ambient sensor 60 
and the mirror sensor were otherwise calling for the mirror to be darkened. It will be appreciated thatthe 
back-up lamp Input circuit introduces no delay so thatthe only delay which occurs when the transmission is 
put in reverse will be that which is inherent in the optical transmission plate's characteristic. Rather than the 
backup lamp circuit being directly connected to the input of the diode gate, appropriate isolating provisions 

65 are made to prevent transients which may be present In the vehicle wiring from intruding into the mirror 65 
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control circuit and likewise provision is made for preventing feedbacks fronn the mirror control circuit botli to 
the back-up lamp circuit and also to the vehicle battery. 

Oscillator 190 for driving optical transmission plate 20 Is shown to comprise a conventional push-pull 
configuration and with power being coupled through a transformer 204 whose secondary Is connected ac- 
5 ross the transmission plate. 5 
In the case of an optical material which has a direct characteristic and not an inverse characteristic, app> 
ropriate provision can be made to ensure correct operation, for example by placing an inverter in theline 
from switch 48 to oscillator 190. It is also to be recognized that different configurations for the logic andfbr 
the coupling of the logic with the optical transmission plate can be employed other than that shown. 

10 Based upon the foregoing description the reader will appreciate that a new and unique arrangement for a 10 
day/night mirror has been disclosed. In any given implementation of principles of the invention, particular 
constructional differences may exist from the disclosed embodiment The Illustrated embodiment is one 
which is well-suited to mass production application for automotive rearview mirror usage. It is cost-effective 
and can meet the demands of automobile manufacturers. Thefbur operational amplifiers are implemented in 

15 asingleintegrated circuit chlp.Themirrorcan befabricated with conventional proceduresandlswell-suited 15 
to automated assembly. Power levels required for operation of the optical medium are low. While the Illustra- 
ted embodiment shows the mirror to be energized from the vehicle battery, it is possible to implement the 
design such that a separate replaceable battery is used. Such a battery can be removably Inserted by a 
removable cover provided in the mirror housing, and this would render the mirror suitable f or aftermarket 

20 usage where a wiring hamess may not be convenientto desired location for the mirror. 20 
The following Identifies the components of the circuit with reference to specific values and Identifications. 
This list is considered to be representative of the preferred embodiment, and It will be appreciated that 
principles of the Invention are applicable to other embodiments. l=or example, the mirrored surface could be 
Incorporated into the transmission plate. 

25 25 
Resistors 120, 122, 144, 

146, 158, 160, 178, 180 100K 
Resistors 1 24, 1 62 390K 
Resistors 138, 152 1M 

30 Potentiometer 166 100K 30 

Resistor 118 16K 
Resistor 165 IK 
Resistors 148, 182 150K 
Sensors 54, 84 Vactec VT82L (LDR's) 

35 Capacitors 140, 172 lO^^f 35 

Diodes of OR gate 108and Diode 174 1N4148 
Op Amps 116, 142, 156, 176 LM324 
Transformer 204 1K:20K 

lOOmW 

40 Oscillator 190 Diodes 1N4148 40 

Oscillator 130 Capacitor 0.1 f*f 

Oscillator 190 Resistors 10K 

Oscillator 190 Transistors 2N4401 

Regulator 1 02 Diodes 1 N4004 

45 Regulator 1 02 Zener 1N4743A 45 

CLAIMS 

1. Inaday/nightrearviewmirrorassembly having a mirrored surface in association with a voltage- 

50 controlled optical mediumwherein the medium controls the brightness of thefield of view reflected by the 50 
mirrored surface in accordance with voltage applied to the medium and a control circuit for applying control 
voltage to the medium including a sensor for sensing Incident light from thefield of view to distinguish 
between afield of view which is bright and one which is dim and a second sensorfor sensing general 
ambient light in the vicinity ofthe mirror assembly to distinguish between daytime conditions and nighttime 

55 conditions, the Improvement which comprises said control circuit comprising meansfbr operating said 55 
mirror assembly to two different states of brightness, one higher and the other lower, comprising a loglcgate 
having an output and plural inputs, means operatively coupling the logic gate output with the optical 
medium such that the logic gate output causes control voltage to be selectively applied to said medium to 
thereby selectively operate the mirror assembly to the two different states of brightness in accordance with a 

60 control provided by said logic gate, plural input circuits each of which has an output connected to a cor- 60 
responding one ofthe Inputs of said loglcgate, one of said Input circuits containing thefirst-mentioned 
sensorand another of said In put circuits containing the second sensor, each input circuit comprising its own 
timing means for imposing a certain predetermined minimum time requirement on certain changesensed 
by the corresponding sensor before the effect of such change Is allowed to occur atthe output of the cor- 

65 respondinginputcircultfthetimingmeansofsaldsecondlnputclrcuittmposlngaminimumtimerequire- 65 
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ment on both a change In sensed ambient light indicative of transition from day to night as well as a change in 
sensed ambient light indicative of transition from nightto day, and the timing means of said first input circuit 
imposing a minimum time requirementonly on achange in sensed light from the field of view Indicative of a 
transition from bright to dim and not on a change indicative of a transition from dim to bright. 
5 2. The improvement setfortti in daimlin which said one and said another input circuits each comprises 5 
a corresponding operational amplifier stage with the corresponding sensor being operatively coupled with 
an Input of the corresponding amplifier stage, and In which change in each of the respective sensors, be- 
tween bright and dim forthefirst sensor and between night and day for the second sensor, is effective to 
change the state of the corresponding operational amplifier, each operational amplifier stage Including 

10 means providing a threshold signal against which a corresponding signal developed from the corresponding 1 0 
sensor is measured and means for selectively establishing each threshold signal in accordance with the 
condition of the corresponding stage'soutput 

3, The improvement setforth in claim 2 in which each threshold is selectively established atthreshold 
levels corresponding to a difference in sensed light Intensity of substantial ly a 2 to 1 ratio. 

15 4. The improvement setforth in claim 2 in which^ch input circuit includes a second operational ampli- 1 5 
fier stage, and the corresponding timing means Is connected between the first and second operational ampli- 
fier stages In each Input circuit, each second amplifier stage having means providing a threshold at which it 
responds to change passedfrom the corresponding first amplifier stage by the corresponding timing means 
including means for selectively establishing the corresponding threshold in accordance with the condition of 

20 the output signal of the corresponding second operational amplifier stage. 20 
5. The improvement setforth in claim 4 in which the timing means in said second input circuit comprises 
means for imposing a pre-calculated delay In passing change in the first stage's output to the second stage's 
input regardless of whether the change Is indicative of transition from day to night or of transition from night 
today. 

25 6. The improvement set forth in claim 5 In which each timing means comprises a nRC time delay circuit 25 
and In which thetimlng means of said first input circuit Includes a diode arranged cooperatively with the RC 
drcuitto prevent imposition of a minimum time requirement on a change indicative of a transition from 
bright to dim. 

7. The imprx>vement setforth in claim 6 in which the means providing a threshold for each second ampli- 

30 fier stage comprises means for establishing thethreshold ata level which corresponds to the RCtimecon- 30 
stant of the corresponding timing means. 

8. The improvement setforth in daim 1 1n which said logic gate comprises an OR logic gate arranged to 
selectively control the mirror assembly to the two different states of brightness such that the low state of 
brightness occurs only when said first Input circuit is indicating a bright condition and when said second 

35 input drcult indicates a nighttime condition. 35 

9. In a day/night rearview mirror assembly having a mirrored surface in association with a voltage- 
controlled optical medium wherein the medium controls the brightness of the field of view reflected by the 
mirrored surface In accordance with voltage applied to the medium and a control circuit for applying control 
voltage to the medium including asensorfor sensing incident light from the field ofview to distinguish 

40 between a field of view which Is bright and one which Is dim and a second sensorfor sensing general 40 
ambient llghtin the vicinity of the mirror assembly to distinguish between daytime and nighttimeconditions, 
the improvement which comprises meansf or operating said mirror assembly to two different states of 
brightness, one higher and the other lower, comprising a logic gate having an output and plural inputs, 
means operatively coupling the logic gate output with the optical medium such that the logic gate output 

45 causes control voltage to be selectively applied to said medium to thereby selectively operate the mirror 45 
assembly to the two differentstages of brightness in accordance with the condition of inputs to the logic gate, 
each sensor being operatively coupled in an input circuit to a corresponding input of the logic gate, each 
Input circuit comprising timing means imposing certain time requirements on certain changes sensed by the 
sensors, said iogicgate providing control such that the optical medium assumes an opaque condition to 

50 cause the mirror assembly to operate atthe higherstate of brightness if either the first input circuit is indica- 50 
ting the absence of bright light from thefield ofview or the second circuit is indicating a daytime condition. 

10. Theimprovement setforth in claim 9 in which each Input drcult comprises a first operational ampli- 
fier stage and a second operational amplifier stage, each operational amplifier stage comprises its own 
operational amplifier and said four operational amplifiers being contained In a quad op amplntegrated 

55 circuit chip. , ^® 

11. In a rearview mirror assembly containing a mirrored reflecting surface overiald by an optical medium 
whose opaqueness is controlled by the application of a control voltage to the medium and wherein the 
mirrored reflecting surface overiies an assembly from which the control voltage is delivered to the optical 
medium, the improvementfor establishing electrical circuit continuity between the assembly and the optical 

60 medium which comprises conductors having a yieldably resilient axially compressible characteristics. 60 

1 2. The improvement setforth in claim 1 1 in which said conductors comprise helical coil springs. 

13. The improvement setforth In claim 12 In which said helical springs are disposed within sleeves in a 
retalnerframeforthe mirrored reflecting surface. 

1 4. The improvement setforth in claim 1 3 in which there are two such spring conductors each disposed 

65 withinasleeveonoppositesldesoftheretainerframe. 65 
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1 5. The Improvement set forth in claim 1 lln which said assembly is a circuit board containing control 
circuitry for the optical medium. 

16. Theimprovementsetforth in claim 15 In which the optical medium is contained on a transmission 
plate assembly composed of a pair of glass plates and wherein one conductor has electrical continuity with a 

5 conductive film on one plate and the other conductor has electrical continuity with a conductive film on the 5 
other plate. 

17. The Improvement set forth in claim 1 6 in which solid metal surfaces are provided on the circuit board 
andtheglassplatesandtheconductorbearfdrcefullyagainstthesolid metal surfaces. 

1 8. The improvement set forth f n claim 17 In which said solid metal surfaces are In the form of clipsfitted 

10 onto edges of the circuit board and of the transmission plate, and said conductors are helical coil springs. 10 

19. A rear view mirror assembly constructed and arranged to operate substantially as hereinbefore des- 
cribed with reference to and as lllus^ted in the accompanying drawings. 
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